In the United States, tickborne diseases occur focally. Missouri represents a major focus of several tickborne diseases that includes spotted fever rickettsiosis, tularemia, and ehrlichiosis. Our study sought to determine the potential risk of human exposure to human-biting vector ticks in this area. We collected ticks in 79 sites in southern Missouri during June 7-10, 2009, which yielded 1,047 adult and 3,585 nymphal Amblyomma americanum , 5 adult Amblyomma maculatum , 19 adult Dermacentor variabilis , and 5 nymphal Ixodes brunneus . Logistic regression analysis showed that areas posing an elevated risk of exposure to A. americanum nymphs or adults were more likely to be classified as forested than grassland, and the probability of being classified as elevated risk increased with increasing relative humidity during the month of June (30-year average). Overall accuracy of each of the two models was greater than 70% and showed that 20% and 30% of the state were classified as elevated risk for human exposure to nymphs and adults, respectively. We also found a significant positive association between heightened acarologic risk and counties reporting tularemia cases. Our study provides an updated distribution map for A. americanum in Missouri and suggests a wide-spread risk of human exposure to A. americanum and their associated pathogens in this region.
INTRODUCTION
Tickborne diseases are passed between hosts by ticks (Arachnida Ixodida), primarily of the Ixodidae (hard tick) or Argasidae (soft tick) families. Of the 878 identified tick species, 222 are known to feed on humans; 28 of which are known to transmit human pathogens. 1 Despite prevention and control efforts, reported tickborne disease incidence has continued to increase in the United States over the past decade. Based on the 2007 Summary of Notifiable Diseases, human monocytic ehrlichiosis and anaplasmosis have increased by more than 100% since 2003. 2 The number of Lyme disease cases increased in 2006-2007, and the incidence is now 15% higher than the previous maximum in 2002. With respect to spotted fever rickettsiosis, the 3% decrease in incidence in 2007 followed a 103% increase over the previous five years. 2 Tickborne diseases occur focally in the United States that is in a clustered or focused geographic area. For example, of the 19,931 cases of Lyme disease reported to the Centers for Disease Control and Prevention in 2006, 93% came from just 10 states in the northeast or the upper midwest. 3 Moreover, within coarse geographic boundaries, risk is heterogeneous and often associated with environmental factors related to vector distributions. 4 For example, tick distribution maps based on environmental correlates of tick habitat suitability closely matched areas of increased Lyme disease incidence in the eastern 5 and far western 6 United States. Tick distribution models do not identify disease risk areas without ancillary data such as vector competence and host behavior or activity, but they do serve as a foundation for identifying areas of elevated risk for human exposure to potential disease vectors and for understanding disease transmission cycles. 4, 7 One tickborne disease for which key facets of the transmission cycle are unknown is tularemia. 8 Approximately 125 (range = 86-193) human cases of tularemia are reported in the United States each year. 9 The disease is caused by the bacterium Francisella tularensis , which can be transmitted to humans through a variety of routes including tick or insect bite; handling of infected animals; contact with or ingestion of infected water, food, or soil; and inhalation of infectious aerosol. 10, 11 Case reports indicate that Arkansas and Missouri represent a major tularemia focus in the United States. 9, 10 In this region, most human cases appear to be caused by F. tularensis (type A), and exposure is believed to be primarily tickborne. [12] [13] [14] [15] [16] This assertion is supported by the recent geographic information systems-based model of human risk of exposure to F. tularensis that identified environmental factors associated with tick habitat as significant predictors of risk. 17 However, it is largely unknown which tick species or life stages serve as the primary vector(s) of F. tularensis to humans in this region. 8 Defining the current distribution of tick species will improve our understanding of human risk of exposure to F. tularensis by tick bites in this endemic area. We report the results of a temporally constrained, spatially intensive tick sampling effort conducted in southern Missouri in early June 2009. Most tularemia cases in the United States are reported during May-August. 9 Because of the short incubation period for F. tularensis infection (2-4 days, range = 1-14 days) 18 and the timing of host-seeking of key tick species, 8 early June represents a period of elevated risk of human exposure to F. tularensis by tick bite. On the basis of field-derived abundance estimates, we sought to 1) identify environmental predictors of areas of elevated risk of tick exposure, 2) extrapolate the tick risk model across the state of Missouri in a geographic information system framework, and 3) compare areas of expected acarologic risk by county to reported incidence of tularemia during 1990-2009.
MATERIALS AND METHODS
Study site. Because we were interested in maximizing coverage in high risk areas, we limited sampling to the southern part of the state (south of 38°56′54²N) where most tickborne disease (e.g., tularemia, spotted fever rickettsiosis, and ehrlichiosis) cases occur. 19, 20 This region includes the Ozark Mountains and Western Plains. The Ozarks rise to an elevation of 540 meters and are primarily hardwood forests (oak, hickory, and sugar maple). Coniferous species of the genera Pinus (pine) and Juniperus (cedar) are also common. With lower elevations in the western plains (approximately 150 meters), the landscape is peppered with lakes and streams and more than 300 native species of grasses and forbs. Much of this area is rural; the mean (SD) Euclidean distance from all sites to the nearest major city was 121 (35) km.
The climate is generally humid, almost sub-tropical, in the southern part of state ( http://www.city-data.com/states/ Missouri-Climate.html ). Precipitation is heaviest in the southeast (122 cm/year) ( http://www.city-data.com/states/Missouri-Climate.html ). Spring and fall are marked by sudden changes in temperature and precipitation ( http://climate.missouri.edu/ climate.php ). Our spring sampling period coincided with the peak seasonal activity of Amblyomma americanum nymphs and adults and Dermacentor variabilis adults. [21] [22] [23] [24] Site selection. Using the 1996 Missouri Gap Analysis Program land classification maps ( http://msdis.missouri. edu/mogap.htm ), we randomly selected sampling sites on public property among eight vegetation classes (bottomland deciduous forest, deciduous woodland, dry coniferous forest, pine-oak forest, red cedar forest, upland deciduous forest, cool season grassland, and warm grassland) to diversify vegetation types sampled and bias sampling toward A . americanum and D. variabilis habitat. 17, 25 Once in the field, inaccessible sites (caused by flooding, impassible roads, and misclassified land cover) were moved to a more accessible location of the same habitat type and four were dropped. During June 7-10, 2009, seven teams of 2-3 persons sampled 79 sites ( Figure 1 ). Tick collections. To closely resemble the risk incurred by a person walking through vegetation, ticks were collected by drag sampling. 26, 27 Drags were made from white, rubber-lined flannel infant crib sheets (The William Carter Co., Atlanta, GA). Completed drags were approximately 25 inches wide by 43.5 inches long (63.5 × 110.5 cm) with three 5/8 inch (2 cm) washers sewn in the bottom to weight the material.
Collectors pulled the drag using a nylon rope secured to a 3 foot (0.9 meters) wooden dowel with the goal of maximizing ground contact. Occasionally, flagging by sweeping the cloth across and within dense vegetation was used to supplement the collection. Drags were examined every 15 seconds to minimize tick detachment. Sites were sampled for 15 minutes (sixty 15-second drag samples) without repeat of the same area. Six sites with excessively high tick abundance (> 13 ticks per minute) were sampled for 7.5 minutes. Ticks from each 15-second sample were collectively placed in 2.0-mL microcentrifuge tubes and frozen on dry ice before transfer to a -70°C freezer.
Site locations were documented relative to the World Geodetic System 1984 datum by using Magellan Meridian Platinum global positioning system units (MiTAC International Corporation, Fremont, CA) with a position accuracy of ≥ 3 meters. Temperature and relative humidity at the site were recorded using a digital weather meter (Kestrel 3000; Nielsen Kellerman, Boothwyn, PA). This information was obtained to screen for extreme temperature or relative humidity and standardize sampling, but no sites were excluded based on these measurements.
Ticks were identified to species and life stage by using dissecting microscopes and nymphal and adult taxonomic keys. [28] [29] [30] Predictive variables. Because vegetation type has been shown to influence tick abundance in this region, 13 we included classified land-use category and measures of vegetation derived from satellite imagery as potential independent variables in our model. Land-use categories were extracted from the 2005 Land-use Classification Map developed by the Missouri Resource Assessment Partnership (available from the University of Missouri, Columbia, MO). Classification categories were derived from spring, summer, and fall 30-meter resolution Landsat 7 satellite imagery and other ancillary data (e.g., population density, aerial photography, previous land cover maps). This more recent classification map was not available at the time of site selection but was used for the analysis.
The eight vegetation classes described above were in the 2005 Land-use Classification Map. However, because of discordance between what was extracted to the points and what was observed in the field and the limited ability of field workers to consistently distinguish between habitat types we were not confident to use the specific habitat types. As a result, the data were dichotomized into more general habitat types: grassland (warm and cool grassland) and forest (deciduous forest, deciduous woody/herbaceous, evergreen woody/ herbaceous, herbaceous dominated wetland, low intense urban, woody dominated wetland). Aside from mixed forest that was included as forest, only those classes for which data were obtained were used in regression modeling and subsequent predictions (i.e., high intensity urban, impervious surface, barren or sparsely vegetated, cropland, open water were excluded).
As an alternative to classified imagery, we acquired and mosaiced nine cloud-free (< 10% of image) June Landsat 5 TM tiles for full coverage of the sampling area (U.S. Geological Survey [USGS] GLOVIS; http://glovis.usgs.gov ). Three years were necessary for full cloud-free coverage with most tiles from 2005 (n = 6) and 2006 (n = 2; one in 2003). Landsat 5 TM has a reflective band resolution of 30 meters. Normalized difference vegetation index (NDVI) and tasseled cap transformations were performed for surface measures of soil content (brightness), vegetation (NDVI and greenness), and moisture (wetness). 31, 32 These transformations are part of the standard tools in ENVI versions 4.5 software package (ITT Visual Information Solutions, Boulder, CO) and use surface reflectance in the visible, near infrared, and middle infrared portions of the electromagnetic spectrum.
Thirty-year average (1961-1990) meteorological data were acquired from The Climate Source (Corvallis, OR). These 2-km resolution meteorological surfaces were derived from elevation weighted interpolated weather station data. Because of the importance of moisture to tick survival, 1, 13, 33 we tested the average relative humidity for the year (range for this area was 65-71%), the month of sampling (June) and the month prior (May), and total annual precipitation as possible independent variables. Five measures of temperature (annual maximum, minimum, average, cooling degree days [number of days > 18.3°C], and growing degree days [number of days > 10°C]) were tested in the model because tick host-seeking behavior, most likely caused by desiccating effects, is shown to be sensitive to temperature in Missouri. 23 Because our relative abundance data are derived from sampling on four days from a single year, for modeling purposes we limited the meteorological predictors to the 30-year average data to assess general trends.
Climatic and land cover variables often vary with elevation. Thus, elevation was extracted from a 30 × 30 meter resolution digital elevation map from the USGS for testing in the logistic regression model. Epidemiologic data. Although dropped from the list of nationally notifiable diseases during 1994-1999, tularemia is currently a nationally notifiable disease and cases must be reported to the CDC. During 1990-2009, 474 probable or confirmed human cases were reported from Missouri to CDC through the National Notifiable Diseases Surveillance System. A confirmed case was defined as clinically compatible illness with isolation of F. tularensis from a clinical specimen or a ≥ 4-fold change in antibody titer. 34 A probable case was defined as clinically compatible illness with elevated serum antibody titer(s) to F. tularensis or the detection of the bacteria in a clinical specimen by fluorescence assay. 34 A total of 92 counties reported at least one case during this period from the 115 counties in Missouri ( Figure 2 ); (median incidence per county among counties reporting cases: 0.76/100,000 person years, range = 0.06-4.82).
For privacy protection, human disease data are commonly aggregated at the county level. Thus, we limited our evaluation of the association between acarologic risk and human case occurrence to the county spatial scale. Incidence by county and percentage of counties identified as high risk were not normally distributed and transformation could not make them normally distributed. Therefore, we limited our analysis to seeking an association between the percentage of a county classified by our model as elevated risk and whether the county had reported a human tularemia case during 1990-2009. As described elsewhere, 4 epidemiologic data can inadvertently obfuscate trends in vector-borne diseases data because cases are reported based on the location of residence rather than exposure site and because milder vector-borne infections are often underreported. These factors limit our ability to discern direct associations between human infection and acarologic risk and should be considered when analyzing and interpreting human vector-borne disease incidence data.
Data analysis. Species specific differences in abundance by vegetation type were contrasted by using the non-parametric two-sample Wilcoxon rank-sum (Mann-Whitney) tests. This test compares the underlying distribution for two populations (forest and grassland abundance) on the basis of ranked sums. Only A. americanum nymph and adult collections were sufficient to enable habitat-based distribution modeling. Nymphs and adults were analyzed independently as habitat associations and transmission efficiencies of various tickborne pathogens may vary by life stage.
For modeling purposes, we tested whether tick abundances were more similar between closer sites than those farther apart by using Moran's I statistic. An association by spatial location could indicate that proximity, rather than environmental factors, explains the tick distribution observed.
We dichotomized the tick abundance data to ameliorate sampling effects. Within specific vegetation types, ticks may aggregate in optimal host-seeking habitat or specific microhabitats, which may potentially skew the abundance data. 13, 21 Dichotomizing the data helps to control for these effects and preserves the core trends of the data.
Models were built using forward stepwise logistic regression. All 15 potential variables were tested by univariate logistic regression and selected for inclusion in multivariate models on the basis of statistical significance. Variables were added by significance until additional variables no longer improved the model as measured by the difference in Akaike Information Criterion (DAIC). The AIC is a measure of model fit and parsimony; models with DAIC values less than two units apart were considered equivalent and the more parsimonious model was selected. 35 Logistic regression provides the log-odds, but we were interested in the probability of elevated abundance. We first derived the log-odds from the logistic regression This transformation enables us to generate risk maps showing areas of elevated abundance by using the Raster Calculator module of the Spatial Analyst Extension in ArcGIS (ESRI, Redlands, CA).
Using the receiver operating characteristic (ROC), we determined threshold probabilities for A. americanum nymphs and adults at which we simultaneously optimized sensitivity (the number of correctly identified elevated sites) and specificity (the number of correctly identified non-elevated sites). For both life stages, we report sensitivity, specificity, positive predictive value (PPV; the percent of sites the model predicted to be elevated that were elevated), negative predictive value (NPV; the percent of sites the model predicted to be nonelevated risk that were non-elevated), accuracy (number correctly classified) of our probability threshold, and the area under the ROC curve (AUC; a summary statistic of the overall diagnostic accuracy). All analyses were performed in Stata version 10 (StataCorp LP, College Station, TX).
Comparison of the acarologic risk model to epidemiologic data. We evaluated whether occurrence of tularemia cases was related to acarologic risk. Using the threshold where sensitivity and specificity were optimized simultaneously, we dichotomized the risk map into elevated or non-elevated risk. Next, we totaled the number of pixels per county defined as elevated risk for nymphs or adults and divided by the total number of pixels per county and multiplied by 100 to derive the percentage of the county classified as elevated risk. Finally, we compared the percent of county with elevated risk between counties reporting tularemia and counties not reporting tularemia by using the two-sample Wilcoxon ranksum (Mann-Whitney) test.
RESULTS

Overview of collections.
For all 79 sites sampled during June 7-10, 2009, 1,071 adults and 3,590 nymphs of four species were collected. All species had been previously reported in this region. 22, 23, 36, 37 Species collected included A. americanum (97.8% of adults, n = 1,047) and 99.9% of nymphal collections, n = 3,585), A . maculatum (n = 5), D. variabilis (n = 19), and Ixodes brunneus (n = 5) ( Figure 1 ).
All 19 adult D. variabilis ticks were recovered from 13 sites. The largest number collected from any one site was four collected from a single deciduous woodland site. Six ticks were found in five grassland sites. The remaining nine ticks were collected from deciduous woodland or conifer sites. The five A. maculatum ticks collected were all adults and all collected from four grassland sites. Five I. brunneus nymphs were collected from forested sites.
The most abundant species was A. americanum (the lone star tick), which is the focus of our modeling efforts. From all 79 sites, 548 female, 499 male, and 3,585 nymphs were collected. Ninety-four percent of sites (n = 74) yielded A. americanum . No ticks of any species were collected from the remaining five sites. Per minute of dragging, the median number of nymphs was 0.9 (range = 0-38.3), and the median number of adults was 0.4 (range = 0-9.5). Both life stages were more common in forested sites than grassland sites. The median number of A. americanum nymphs collected from forested sites was 1.7 per minute of sampling (range = 0-34.7), and the median number collected from grassland sites was 0.3 per minute (range = 0-38.3) ( z = 2.64, P < 0.01, by Wilcoxon rank-sum test). For adults, the median number collected per minute in forested sites was 0.5 (range = 0-9.5), and the median number collected in grassland sites was 0.13 (range = 0-7.5) ( z = 2.92, P < 0.01, by Wilcoxon rank-sum test).
Anecdotally, there was a tendency for greater tick abundance in mixed cedar forests. The two most heavily infested sites were mixed cedar, which yielded 38.3 A. americanum nymphs and 7.5 adults and 34.7 A. americanum nymphs and 9.5 adults per minute of sampling.
Habitat model ( A. americanum nymphs) . No effect of spatial proximity was found among the nymphal A. americanum data (Moran's I = 0.16, z = 0.34, P = 0.37). The data were dichotomized at the median as elevated (≥ 0.9 nymphs per minute, n = 39) and non-elevated (< 0.9 nymphs per minute, n = 40). Of 15 variables considered in the stepwise logistic regression, habitat type (forest or grassland) and 30-year average June relative humidity were significant predictors of A. americanum nymphal abundance above or below the median (likelihood ratio χ 2 = 22.1, degrees of freedom = 2, P < 0.001) (model comparison in Table 1 ).
Being in forest compared with grassland increased the odds of the site being classified as elevated nymphal abundance (compared with non-elevated nymphal abundance) by a factor of 14.4, and for every percent increase in 30-year average * OR = odds ratio; AIC -Akaike information coefficient; DAIC = AIC difference between model and the most parsimonious model; RH = relative humidity. The coefficients and the odds ratio are provided for the independent variables. The likelihood ratio χ 2 test, its probability, and the AIC are provided as summary statistics for each competing model. Models were selected on the basis of the change in AIC between the models and the most parsimonious model (DAIC).
June relative humidity, the odds increased by a factor of 1.9. Using ROC curves, we selected a probability cut-off that optimized sensitivity and specificity. For the nymphs, this threshold was selected where the probability of elevated abundance was ≥ 0.55 (sensitivity 79.5%, specificity 65.0%, PPV 68.9%, NPV 76.5%, accuracy 72.2%, and AUC 79.1%; Table 2 ).
We mapped the probability predictions by converting the logit function to a probability of risk of encountering elevated abundance of A. americanum nymphs using the expression log odds nymph = -44.3 + 2.67 × Forest + 0.62 × RH June . After extrapolation of this equation across the surface of Missouri, we identified 20.4% of the state as posing an elevated risk of encountering A. americanum nymphs with the highest probabilities occurring in south-central Missouri ( Figure 3A ) .
Habitat model ( A. americanum adults) . No effect of spatial proximity was found among the adult A. americanum data (Moran's I = 0.12, z = 0.25, P = 0.40). The data were dichotomized at the median into elevated (≥ 0.4 adult ticks per minute n = 42) and non-elevated (< 0.4 adult tick per minute n = 37) sites. As with the nymphal model, habitat type (forest or grassland) and 30-year average June relative humidity were significant to predict A. americanum adult abundance above or below the median (likelihood ratio χ 2 = 17.55, degrees of freedom = 2, P < 0.001) (model comparison in Table 1 ).
Being in forest compared with grassland increased the odds of being classified as elevated abundance (versus. nonelevated abundance) by a factor of 10.2, and for every percent increase in relative humidity, the odds increased by a factor of 1.6. Again using the ROC, we identified a probability threshold for elevated adult abundance at ≥ 0.60 (sensitivity 76.2%, specificity 64.9%, PPV 71.1%, NPV 70.6%, overall accuracy 70.9%, and AUC 77.7%; Table 2 ).
We mapped these prediction probabilities by converting the logit function to a probability where the risk of encountering elevated abundance of A. americanum adults was defined as log odds adult = -33.4 + 2.32 × forest + 0.47 × RH June .
After extrapolation of this equation across the surface of Missouri, we identified 30.0% of the state as posing an elevated risk of encountering A. americanum adults with the highest probabilities occurring in south and central Missouri ( Figure 3A ) .
Comparison of the acarologic risk model to epidemiologic data. We compared the percent of the total county area classified as elevated risk between counties that reported at least one case of tularemia during 1990-2009 and counties that reported no cases. For nymphs, counties reporting tularemia cases had significantly higher percentages of coverage classified as elevated risk (median = 21.1%, range = 0-66.1%) compared with counties reporting no tularemia (median = 0%, range = 0-64.4%; z = −4.29, P < 0.001, by Wilcoxon ranksum test). For adults, a similar trend was seen. For counties reporting tularemia, the median percent of area identified as elevated risk was 30.8% (range = 0-79.2%) and for counties with no tularemia recorded the median risk area was 0.01% (range = 0-72.7%; z = −3.62, P < 0.001, by Wilcoxon rank-sum test).
DISCUSSION
Our temporally constrained and spatially intensive sampling of ticks in southern Missouri serves as a foundation for a description of the distribution of host-seeking ticks in early June in this region. During this period, which coincided with when many tularemia patients would have been exposed to infectious ticks, A. americanum was by far the most abundant host-seeking tick. Two environmental variables were used to generate distribution maps for A. americanum across unsampled areas of Missouri and, when compared with county reports of tularemia cases during 1990-2009, counties that reported tularemia had higher percentages of the county classified by our model as elevated risk for exposure to A. americanum . Given laboratory demonstration of the vector competence of A. americanum for F. tularensis 38 and evidence of natural infections with the etiologic agent of tularemia, 39 our findings support previous deductions that, from an acarologic risk standpoint, implicate A. americanum as a prominent tularemia vector in Missouri. 14 We found a disproportionate abundance of A. americanum compared with D. variabilis . The relative abundance of each may have been influenced by the timing and locations of our samples. Nonetheless, similar to our study, collections from Arkansas in the 1950s found 99.6% of ticks collected from drag sampling were A. americanum compared with 0.1% D. variabilis . 40 More recently, as part of a surveillance of ixodid ticks in deciduous cover in the eastern half of the United States, a similar predominance of A. americanum over D. variabilis in spring and summer collections was detected in the three of Missouri sampling sites. 5 Only for A. americanum were our sample sizes sufficient for acarologic risk modeling. Forest and relative humidity emerged as significant predictors for nymphs and adults, although to varying degrees. The differences between nymphal and adult models in the weighting of each predictor variable and the probability thresholds selected that optimized sensitivity and specificity for each life stage resulted in slight differences in the predicted distributions generated for nymphs and adults ( Figure 3 ) .
The proclivity for A. americanum to be collected from forests in this region is well-documented. 13, 33 This proclivity has been partially explained by the key host of this species, the white-tailed deer ( Odocoileus virginianus ), which is present in forested habitat types. 22 White-tailed deer are the principal host for A. americanum and help maintain the abundance of this tick. 41, 42 Moreover, the expansion of white-tailed deer is reported to have considerable influence on the spread of A. americanum -borne diseases, such as ehrlichiosis and southern tick-associated rash illness. 43, 44 Higher relative humidity is likely important because moisture retention is necessary for tick survival. 1, 13, 25, 33 Although we included several dependent variables that would have provided a finer differentiation among habitat types (e.g., Landsat-derived brightness, greenness, wetness and NDVI) than the forest/grassland dichotomy used in our final model, none of these variables was significant. This finding is in contrast to other tick species, for which satellitederived ground cover indices were found to be important in the identification of acarologic risk areas within dense woodland in California. [45] [46] [47] Similarly, in Wisconsin, Kitron and Kazmierczak 48 identified greater risk based on NDVI where higher values indicative of more densely forested areas coincided with increased acarologic risk for I. scapularis . Even when limiting our data to the 57 forested sites, only relative humidity was significant for both life stages. One explanation for the lack of significance using satellite-derived predictors for A. americanum compared with other ixodid ticks may be that A. americanum is a generalist tick with respect to forest type. This finding may also explain the broad predicted and observed distributions of this tick within our study.
The broad geographic distribution and high abundance of A. americanum , 13, 33 its affinity at all life stages to bite humans, 13, 43, 49 the recovery of F. tularensis from field caught specimens in Arkansas, 39, 50 its vector competence, 38 and the observation that host-seeking phenology coincides with the seasonal occurrence of human tularemia cases 8, 14, 43 supports a role for A. americanum in F. tularensis transmission in this region. Our study showed that counties that reported tularemia cases over a 20-year period had higher proportions of the county classified by our model as elevated risk for exposure to A. americanum nymphs and adults. However, because cases were reported based on county of residence, rather than county of exposure, and the route of exposure was not reported in our surveillance system, future studies are required to determine how frequently tularemia cases are acquired through tickborne exposure. Furthermore, extensive laboratory studies are required to evaluate how efficiently A. americanum transmits F. tularensis .
Our acarologic risk maps indicate that the area of risk for A. americanum nymphs and adults overlap in time and space, thus facilitating unification of disease prevention initiatives and vector control efforts. In addition, the variables used to model the distribution, forested land cover and higher relative humidity, are easily understood and identified. To a Missouri resident or visitor, these maps indicate the need for repellents and protective clothing prior to and tick checks subsequent to being in the woods. Personal protective activities and vector control activities would be similar regardless of life stage. Thus, a single message can be generated to reduce the burden of A. americanum -associated diseases in this area.
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